We investigate surface brightness profiles (SBPs) of dwarf galaxies in field, group, and cluster environments. With deep BV I images from the Korea Microlensing Telescope Network Supernova Program, SBPs of 38 dwarfs in the NGC 2784 group are fitted by a single exponential or double exponential model. We find that 53% of the dwarfs are fitted with single exponential profiles ("Type I"), while 47% of the dwarfs show double exponential profiles. 37% of all dwarfs have smaller sizes of the outer part than inner part ("Type II"), while 10% have a larger sized outer than inner part ("Type III"). We compare these results with those in the field and in the Virgo cluster, where SBP types of 102 field dwarfs are compiled from a previous study and SBP types of 375 cluster dwarfs are measured using SDSS r-band images. As a result, the distributions of SBP types are different in three environments. Common SBP types of the field, the NGC 2784 group, and the Virgo cluster are Type II, Type I and II, and Type I and III profiles, respectively. After comparing sizes of dwarfs in different environments, we suggest that since sizes of some dwarfs are changed due to the environmental effects, Corresponding author: Youngdae Lee ylee@kasi.re.kr * Based on data collected at KMTNet Telescope and SDSS 2 Environmental variations of SBP SBP types are able to be transformed and the distributions of SBP types in three environments are different. We discuss possible environmental mechanisms on the transformation of SBP types.
INTRODUCTION
Surface brightness profiles (SBPs) of dwarf galaxies are an important tool in understanding the evolution of dwarfs (Kormendy 1985; Boselli et al. 2008a; Kormendy & Bender 2012; Meyer et al. 2014; Young et al. 2014) . With the assumption that dwarfs have a single component SBP, such as King, exponential, and Sérsic profiles, it is shown that dwarfs have size-magnitude relations where the brighter absolute magnitudes correspond with larger size (Kormendy 1985; Boselli et al. 2008a; Young et al. 2014) .
In recent studies of the SBPs of dwarfs, many dwarfs are shown to have two-component SBPs (Aguerri et al. 2005; McDonald et al. 2011; Herrmann et al. 2013; Janz et al. 2012 Janz et al. , 2014 Janz et al. , 2016 Meyer et al. 2014 ). The SBPs are described by Sérsic profile for the inner part and exponential one for the outer part (Aguerri et al. 2005; Janz et al. 2012 Janz et al. , 2014 Janz et al. , 2016 . For the inner part, since the Sérsic index (n) is approximately 1 (n < 1.2; Janz et al. 2014) , the inner profiles could also be described by the exponential model. Therefore, the two-component SBPs of dwarfs could be fitted by double exponential SBPs for both the inner and outer parts. Noteworthily, Herrmann et al. (2013) used the double exponential model to explain the SBPs of dwarfs and they classified three SBP types.
Type I is for classical dwarfs with single exponential profiles (Freeman 1970) . Type II (Freeman 1970) and Type III (Erwin et al. 2005) are for double exponentials with smaller and larger outer sizes than inner sizes, respectively.
Sizes of dwarfs measured from two-component SBPs show size-magnitude relations (Herrmann et al. 2013; Janz et al. 2016 ) that vary with environments (Janz et al. 2016; Young et al. 2014 ). According to Janz et al. (2016) , the sizes of cluster early-type dwarfs are smaller than those of field late-type dwarfs at a given magnitude. Based on the fact that cluster early-type dwarfs are transformed from field late-type dwarfs, Janz et al. (2016) claimed that cluster environmental effects (e.g., ram pressure stripping and harassment) could reduce sizes of dwarfs infalling into the cluster. In terms of SBPs depending on environments, groups of galaxies are an important piece together with the field and the clusters. Groups of galaxies locate themselves between the field and clusters according to influences of the diverse environments. The galaxies in groups might have unique properties compared to those in the field and in clusters.
In this paper, we investigate the SBPs of dwarfs in the NGC 2784 group observed using the Korea Microlensing Telescope Network (KMTNet; Kim et al. 2016 ) Supernova Program (KSP; Moon et al. 2016; Park et al. 2017) and compare their properties with those of field and cluster galaxies. The NGC 2784 group is defined in several studies (Tully 1987; Fouque et al. 1992; Garcia 1993; Makarov & Karachentsev 2011) . Tully (1987) which is adopted as a distance of the NGC 2784 group in this study. Faint X-ray source (2RXS J091217.6-241015) is detected near the center of the group (Boller et al. 2016) . However, it is not known yet whether the source is from intragroup medium of the group or hot galactic halo of NGC 2784. The NGC 2784 group has some bright galaxies. The three brightest members are NGC 2784
(M V = −20.85 mag), N2835 (M V = −20.44 mag), and ESO 565-1 (DDO062; M V = −17.83 mag).
The number of members are 2 to 5 galaxies depending on group defining method and sample sizes (Tully 1987; Fouque et al. 1992; Garcia 1993; Makarov & Karachentsev 2011) . Recently, total number of member galaxies in the NGC 2784 group is 41 galaxies including newly found 31 dwarf galaxies (M V < −9 mag) from Park et al. (2017) . This group shows mass segregation where massive galaxies are concentrated on the group center than less massive galaxies. Furthermore, the total K-band luminosity (logL K = 10.91 L ⊙ ) and the faint-end slope (α = −1.33) of the luminosity function of the NGC 2784 group are similar to those of the M81, M83 and M106 groups (Park et al. 2017) .
In section 2, we describe how to measure the SBPs of dwarfs and classify them using double exponential analysis. In section 3, we introduce the fractions and size distributions of group dwarfs with three SBP types. The results for the NGC 2784 group are compared with those in the field and those in clusters. In section 4, we discuss the SBP types of dwarfs depending on environments. Park et al. (2017) .
A total of 38 SBPs of dwarfs, including seven previously known dwarfs in the NGC 2784 group, are measured using the IRAF/ELLIP SE task. We only use V -band images for our analyses because the photometric calibration is more stable than in the other bands (B and I). After cropping the images around the target galaxies, we mask foreground stars and bleedings due to nearby saturated stars.
In order to trace the underlying SBP to the outer region of a galaxy and reducing the substructures (e.g., bar or lens) in a more efficient way, we fix the ellipse center, the ellipticity, and the position angle (Erwin et al. 2008) . The initial parameters are derived at the effective radius (r e ) of each target when ELLIP SE was executed with the parameters being allowed to vary. The effective radius is measured from one component Sérsic fit with SBP data points between seeing radius and a radius of 3-sigma above the local background level. The local background levels and their sky noises are, respectively, SBP values and their error at a certain SBP data bin with minimum flux gradient of the smoothed growth curve.
For reliable classification of SBPs, we only use SBP data points above 3-sigma from the background level and within 3r e from the galaxy center. We then fit the SBP using the exponential function of
where µ 0 and h are the central surface brightness and the scale length, respectively. When the χ 2 ν (reduced chi-square) is less than 2.5, profile types are assigned as a single exponential profile (Type I). When it is larger than 2.5, profile types are assigned as a two-component profile. In establishing the criterion of χ 2 ν = 2.5, we classify the SBP visually and compare the visually classified SBP types with the χ 2 ν -based SBP types. As a result, the value of 2.5 reconciles two classifications better than any other χ 2 ν .
Since two-component profiles of dwarfs have been explained by double exponentials (Herrmann et al. 2013; Janz et al. 2014) , the profiles are divided into outer down-bending (Type II) and upbending (Type III) profiles using a double exponential model. We follow the fitting procedure of Herrmann et al. (2013) in our double exponential fitting as follows. The SBP is iteratively divided into every possible pair of subregions with at least two SBP data points moving from seeing radius to 3r e . Then, the pair of subregions is fitted by two separate single exponentials. As the best double exponential model, we adopt a model which minimizes the sum of χ 2 ν s for the pair of subregions. We consider that SBPs are Type II when profiles show a smaller outer scale length (h o ) than the inner scale length (h i ) and Type III when h o is larger than h i . Figure 1 shows examples of the three types of SBPs.
In addition to the classification of SBPs, we carry out morphological classification of the dwarfs via visual inspections of BV I images. We divide their morphologies into early-and late-type dwarfs.
Main features of early-type dwarfs are elliptical isophotes and smooth SBPs, alongside well-defined positions of the galaxy centers. In contrast, late-type dwarfs show the following features : (1) irregular morphologies, (2) many star forming regions, and (3) large nuclear offsets from the galaxy center (Sandage & Binggeli 1984; Binggeli et al. 1985; Kim et al. 2014) . As a result, we have 21 early-type and 16 late-type dwarfs in our data. The morphology of one galaxy (KSP-DW6) cannot be determined due to many bleedings from nearby bright stars. It is well known that early-and latetype dwarfs typically have red and blue colors, respectively (Boselli et al. 1997; Jansen et al. 2000; Gavazzi et al. 2010; Fernández Lorenzo et al. 2012; Pak et al. 2014) . Our morphological classification is in accordance with the expectation of this morphology-color relation. Mean B − V colors of our early-and late-type dwarfs are 0.73 and 0.57 mag, respectively. The properties of dwarfs in the NGC 2784 group are shown in Table 1. 3. RESULTS 3.1. Dwarf galaxies in the NGC 2784 group Park et al. (2017) , six out of 38 dwarfs may not be associated with the NGC 2784 group considering that they are located further (>2.7 degrees) from the group center. When we select the 32 dwarfs within 2.7 degrees from the group center, fractions of SBP types do not change significantly, i.e., 50.0 +8.7 −8.7 %, 40.6 +8.8 −8.3 %, and 9.4 +6.5 −4.0 % for Type I, II, and III profiles, respectively. Thus, the uncertainty of membership does not appear to seriously affect our results. Type I (38.1 +10.9 −9.8 %) and Type II (42.9 +10.9 −10.2 %) profiles seem to be equally common in the case of early-type dwarfs and a majority (68.8 
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Late-type (102) seem to exhibit Type I profiles. However, the distribution of SBP types between early-and late-type dwarfs are not significantly different. For this case, the 3 ×2 Fisher's exact test 1 provides P F = 0.107.
In Figure 2 , we investigate size-magnitude relations in which the size represents scale length. For this analysis, B-band magnitudes and their foreground Galactic extinction (A B = 0.761) are adopted from Park et al. (2017) . Since they provide B-band magnitudes for only 36 dwarfs, two dwarfs (KSP-DW6 and KSP-DW23) are not used in this analysis. To characterize the size-magnitude relations, we use the linear least-square fit to dwarfs of M B > −14 mag. In Figure 2 , the solid and dashed lines are the measured relations for Type I and Type II dwarfs, respectively. These size-magnitude relations are followings : To analyze environmental effects on the SBP types in dwarfs, we compare the fractions of SBP types that we found in the NGC 2784 group in this work with those in the field and the Virgo cluster.
Data for field dwarfs are adopted from Herrmann et al. (2013) , who used the same photometric band and SBP type classification method as ours. Herrmann et al. (2013) galaxies coming from Hunter & Elmegreen (2004 are relatively isolated in terms of tidal indices (see their section 4.5). However, these galaxies could be located on the outskirt of groups with various sizes. To verify whether they are group or field galaxies, we take advantage of a group catalog created galaxies are assumed as group galaxies. R max and V max are maximum spatial and velocity separations of Makarov's group members from the group center. The other galaxies in Herrmann's catalog that are not considered as group galaxies are defined as field galaxies. As a result, 28 and 102 Herrmann's galaxies are defined as group and field galaxies, respectively. About 78% (102/130) of Herrmann's galaxies are field galaxies. All the field dwarfs are late-type galaxies. We directly make use of the SBP type classifications in V -band, sizes, and absolute B-band magnitudes (M B s) by Herrmann et al. (2013) .
For cluster dwarf samples, we used 680 dwarfs (dE, dS0, Im, Sm, and BCD) with −17 mag < M B < −12 mag and v h < 3500 km s −1 in the Virgo Cluster Catalog (Binggeli et al. 1985) . Morphological classifications are adopted from Binggeli et al. (1985) and absolute B-band magnitudes are acquired from the HyperLeda catalog (Paturel et al. 2003) , assuming (m − M) = 31.09 mag (Mei et al. 2007 ).
Heliocentric radial velocities are from Kim et al. (2014) . Among the selected 680 dwarf samples, we remove 305 dwarf samples which are possibly contaminated by halos of nearby bright galaxies or stars in SDSS r-band images. Finally, 375 dwarf samples are secured to analyze SBPs, which are composed of 300 early-type (dE, dS0) and 75 late-type (Im, Sm, BCD) dwarf galaxies. From SDSS r-band images for the 375 dwarf galaxies, we measured SBPs and classified the SBP types via the same manner in Section 2.
We compared our SBP types with those derived from Roediger et al. (2012) . The properties of dwarf galaxies in the Virgo cluster are provided in Table 3 . Table 2 shows the fractions of SBP types in the field and in the Virgo cluster as well as those in the NGC 2784 group. The distributions of SBP types in different environments are quite different for all mophological types. The 3 × 2 Fisher's exact test provides P F = 5.23 × 10 −6 for the group and field galaxies. In the case of the comparison between the group and cluster samples and between −2.4 %) profiles are common in the field, the NGC 2784 group, and in the Virgo cluster, respectively. In the case of early-type dwarfs, the SBP type distribution of group galaxies are quite different from that of cluster early-type dwarfs (P F = 8.55 × 10 −5 ). In contrast, the late-type dwarfs in the Virgo cluster are the similar distribution to that of group late-type dwarfs (P F = 0.095). Field late-type galaxies have a different SBP type distribution to that of group late-type galaxies (P F = 5.60 × 10 −6 ) and to that of cluster late-type galaxies (P F = 8.96 × 10 −8 ).
Environmental effects on the SBP type fraction
For different mophological types, early-and late-type dwarfs in the NGC 2784 group show similar SBP type distributions (see Section 3.1), while in the Virgo cluster, early-and late-type dwarfs have different SBP type distributions (P F = 2.31 × 10 −7 ).
Since magnitude ranges of dwarf samples in each environment are different, these differences may be the source of our findings. To check dependences on magnitudes, we investigate the fractions of SBP types as a function of magnitude in Figure 3 . In the top panel, we found that the SBP type fractions of dwarfs in the Virgo cluster vary depending on M B . The fractions of Type I and Type III significantly increase with decreasing luminosities and with increasing luminosities, respectively.
However, the fractions of SBP types in the field and the NGC 2784 group show no strong dependency on magnitude in the middle and bottom panels. These results imply that although the fractions of SBP types in the NGC 2784 group and field could be compared with no concern of magnitude ranges, comparing with the fractions of cluster dwarfs must consider magnitude ranges of samples.
Therefore, we compare the SBP type fractions of dwarfs with −16 mag < M B < −12 mag in different environments. Samples with −16 mag < M B < −12 mag include 20 galaxies for the NGC 2784 group, 36 galaxies for the field and 327 dwarfs for the Virgo cluster. The fractions of these samples are shown in Table 4 . The results of comparisons for the distributions in different environments are the same as those with the all samples (see Table 5 ). This implies that although we used the samples with different magnitude ranges, the results are not seriously altered by differences in magnitude ranges.
Environmental effects on the size distribution
In Figure 4 , 5, and 6, we compare the sizes for the dwarfs in the field, group, and cluster. In this analysis, we do not distinguish early-and late-type dwarfs because they show similar size-magnitude relations (see Section 3.1). When comparing size distributions, we use sizes normalized by the given size-magnitude relations of the dwarfs in the NGC 2784 group, which the relations for Type I, Type II, and Type III are shown as a solid line in Figure 4 , a dashed line in Figure 5 , and a dotted line in Figure 6 , respectively. In Figure 4 , the size distribution of group Type I dwarfs is almost identical to that for field and cluster Type I dwarfs (P KS = 0.136 for the field and P KS = 0.480 for the cluster).
In Figure 5 , inner and outer size distributions of group Type II dwarfs are also similar to those for field Type II dwarfs (P KS = 0.118 for inner size and P KS = 0.109 for outer size) and to those for cluster Type II dwarfs (P KS = 0.711 for inner size and P KS = 0.346 for outer size).
Since we did not measure size-magitude relations of Type III dwarfs in the NGC 2784 group, we do not statistically compare the size distributions between the group and field. However, the size distributions of group Type III dwarfs seem to be located on that of field Type III dwarfs in Figure 6 . The sizes of Type III dwarfs are compared using sizes normalized by Equation (5) and (6) 
Comparison between sizes of the different SBP types
In the previous section, we compared size distributions of the SBP type among environments. Size distributions of Type I and Type II dwarfs did not show environmental variations. Therefore, we do not divide the environments for comparing size distributions of SBP types. Based on the sizes normalized by the size-magnitude relation of group Type I dwarfs (sold line in Figure 4 and Figure 7 ), the size distribution of Type I dwarfs is smaller than that of Type II dwarfs (P KS = 2.53 × 10 −18 for inner sizes and P KS = 8.67 × 10 −5 for outer sizes) in Figure 7 . MNSs are 0.006 for a size of Type I dwarfs, 0.240 for an inner size of Type II dwarfs, and -0.084 for an outer size of Type II dwarfs.
Since cluster Type III dwarfs have somewhat larger sizes than group and field Type III dwarfs (see the previous section), we divide Type III dwarfs into Type III dwarfs in the field, group, and cluster are similar to that of Type I dwarfs in all environments (P KS = 0.058 for FGC Type III and Type I; P KS = 0.178 for FG Type III and Type I).
Size distributions of Type II and Type III dwarfs are compared. Sizes normalized by the sizemagnitude relations of group Type II dwarfs (dashed line in Figure 7 ) are used. of stars from the inner to outer region in a galaxy is the most popular explanation. For this process, bars/arms and clumps/holes are the main drivers to move the stars (Laine et al. 2014; Struck & Elmegreen 2017) . When considering that bars/arms are rare in less massive dwarfs, although they are frequently found in massive dwarfs (Lisker et al. 2006; Janz et al. 2014) , different SBP types could be explained as scattering by clumps/holes rather than by bars/arms.
According to this study, there are variations of SBP types among environments. Common SBP types of dwarfs in the field, group, and cluster are Type II, Type I and II, and Type I and III profiles, respectively. These results seem to imply that the SBP types can not be explained by only the internal processes and environmental dependent processes must be involved (Erwin et al. 2012; Maltby et al. 2012; Roediger et al. 2012) . As a similar argument, Erwin et al. (2012) found different SBP type fractions of S0 disk profiles in the field and the Virgo cluster and suggested that the SBP types could be transformed by environmental effects in a cluster.
SBP types of dwarfs in the field
Since the field environment has no or little influence on dwarfs, late-type dwarfs are dominent galaxies (Geha et al. 2012) . They have three kinds of SBP types. The type fractions do not change significantly as a function of luminosity (Figure 3) . Out of the types, the most common SBP types (∼68%) of them are Type II profiles (see Table 2 and Table 4 ). These results can be interpreted as that the internal processes to shape the SBPs prefer to form Type II profiles rather than the other types (Type I and III) in the field environment.
SBP types of dwarfs in groups
According to the hierarchical structure formation scenario, field galaxies are assembled into groups of galaxies (Berrier et al. 2009; De Lucia et al. 2012) . In this scenario, it is expected that the distributions of SBP types in groups are similar to those in the field. However, the distributions are different (see Table 5 ). The distribution of SBP types in group dwarfs with late-type morphologies is even different from that of field dwarfs. This seems to imply that environmental effects of groups can alter SBP types before stellar populations or morphologies of field dwarfs infalling into the groups change. When group late-type dwarfs turn into group early-type dwarfs, the SBP types are not significantly altered (see Table 5 ).
In groups of galaxies, (wet) mergers and tidal interactions are the important environmental effects (Moore et al. 1996; Verdes-Montenegro et al. 1998; Miles et al. 2004) . These effects make the interstellar gases near the center of a perturbed galaxy move into the center of the galaxy to form stars Moore et al. 1996 Moore et al. , 1998 . In the outer region of the perturbed galaxy, the interactions induce gas losses and quenching of the star formation. Furthermore, they make the outer disk re-distributed to have a larger size (Peñarrubia et al. 2009 ). As a result of environmental effects, inner sizes of perturbed galaxies will become smaller while the outer sizes will be larger. Namely, some of group Type I dwarfs being smaller inner sizes and larger outer sizes than Type II dwarfs may Environmental variations of SBP be transformed from field Type II dwarfs. Therefore, the most common SBP type of group dwarfs can be Type I and II profiles (see Table 2 and Table 4 ).
SBP types of dwarfs in clusters
Clusters of galaxies are formed through assembly of group galaxies and field galaxies (Berrier et al. 2009; De Lucia et al. 2012) . Interestingly, the SBP type distributions of all dwarfs in clusters are quite different from that in groups and in the field (see Table 5 ). Furthermore, Type I and Type II fractions in clusters depend on luminosities of dwarfs (Figure 3 ). These seem to imply that difference of environmental mechanisms and strengths between in groups and clusters makes the SBP types various. If dwarfs in clusters have similar environmental mechanism and strengths to those of groups, the SBP type distributions might be similar. For example, in the case of cluster late-type dwarfs which may be infalling into the cluster for the first time and experience weak cluster environments (such as tidal interactions) at the outer part of the cluster, the SBP type distribution of cluster late-type dwarfs is similar to that of group late-type dwarfs (see Table 5 ).
Cluster early-type dwarfs show very different SBP type distributions comparing with those of group early-type dwarfs. Cluster early-type dwarfs have a small Type II fraction (∼8%) and large fractions of the other SBP types (∼52% for Type I and ∼40% for Type III), while group early-type dwarfs have a small Type III fraction (∼19%) and large fractions of Type I (∼38%) and Type II (∼43%). Similarly, disk type fractions of lenticular galaxies (S0s) are also found in the Virgo cluster (Erwin et al. 2012) , in which the disk type fractions of them are 45.8% for Type I, 0% for Type II, and 54.2% for Type III.
Furthermore, Younger et al. (2007) roughly expects ∼40%-50% of Type III profiles in their mergerdriven scenario. If cluster early-type dwarfs are descendants of cluster late-type dwarfs which are experiencing strong cluster environmental effects (Boselli et al. 2008a,b) , the SBP type distributions between cluster early-and late-type dwarfs can be interpreted as an evolutionary sequence. That is, most of the Type II profiles of cluster late-type dwarfs can transform to cluster early-type dwarfs with Type I or Type III profiles experiencing cluster environmental effects and this evolution of SBP types can make populations of Type II profiles depleted.
In clusters of galaxies, hydrodynamic interactions (i.e., ram pressure stripping), as well as gravitational interactions are the important environmental effects (Boselli et al. 2008a; Smith et al. 2013 Smith et al. , 2015 . Since clusters have more massive galaxies and larger peculiar velocities of cluster galaxies than groups, harassment of gravitational interactions in clusters is stronger than in groups (Moore et al. 1996 . It may boost transformations from Type II to Type I or Type III as well as transformations from Type I to Type III (see figure 7 of Moore et al. (1999) ), since cold gas funnels to the center of the galaxy and star formations are triggered. Ram pressure between cold interstellar gas in galaxies infalling into the cluster and hot intracluster medium removes the cold gas in the galaxies.
Since ram pressure is an inverse function of the surface stellar density of a galaxy (Gunn & Gott 1972) , it is easy to lose their gas in the outer region, while the inner region of the galaxy holds their gas against the pressure. Therefore, star formations can be kept in the central region of the galaxy and no star formation is maintained in the outer region (Kronberger et al. 2008 ).
The gas-loss timescale due to ram pressure stripping is a function of the mass of dwarfs (Mori & Burkert 2000) . Massive dwarfs hold a gas in their center for a longer timescale than less massive dwarfs. This mass-depenent ram pressure stripping may result in the luminosity dependence of SBP types which is found in Figure 3 . That is, when low mass late-type dwarfs with Type II profiles fall into a cluster, the dwarfs experiencing tidal interactions transform into low mass latetype dwarfs with Type I profiles at the outer part of the cluster. Then, before transforming into the low mass early-type dwarfs with Type III profile, they completely lose their gas due to ram pressure stripping. Therefore, it is possible to have a large fraction of Type I dwarfs at the low luminosity regime.
In this paper, we suggest that the different SBP type fractions of dwarfs in the field, group, and cluster can be driven by combinations of environmental effects. However, the results we obtained depended heavily on the small number of groups and clusters. More data on groups and clusters in the future will help advance our understanding of the SBPs of dwarfs and their transformations.
